Henry Eyring was, and still is, a towering figure in science. Some aspects of his life and science, beginning in Mexico and continuing in Arizona, California, Wisconsin, Germany, Princeton, and finally Utah, are reviewed here. Eyring moved gradually from quantum theory toward statistical mechanics and the theory of liquids, motivated in part by his desire to understand reactions in condensed matter. Significant structure theory, while not as successful as Eyring thought, is better than his critics realize. Eyring won many awards. However, most chemists are surprised, if not shocked, that he was never awarded a Nobel Prize. He joined Lise Meitner, Rosalind Franklin, John Slater, and others, in an even more select group, those who should have received a Nobel Prize but did not.
I. INTRODUCTION
The author was pleased and honored to have a part in a symposium honoring Eyring Recently, one of Henry's sons told me that Henry loved me. This is no great distinction as Henry thought positively of everyone. However, perhaps he loved some people more than others. He was a very warm and generous person. My parents were nervous when they were to meet such an eminent person. He immediately put them at ease. Polanyi, that the reacting molecules must trace is plotted in Fig. 1 . This is Fig. 3 of the forthcoming Bulletin article. In this plot, the energy of the reactants is on the left and the energy of the products is on the right. As the incoming molecule approaches the molecule with which it will react, the energy increases. This energy barrier must be surmounted, rather like a hiker hiking up to and passing over a pass and then descending. The energy state of the products is on the right and this energy state may be greater or lesser than or equal to that of the reactants. In Fig. 1 , the products have a lower energy; this is irrelevant to our argument. The height of this barrier is ∆E ‡ . As would a hiker, the constituents of the reaction may hesitate briefly at the pass. Eyring coined the name activated complex for this chemically unstable species at the top of the barrier.
It is convenient to use a simpler, perhaps simplistic, nonrigorous derivation than that used by Eyring. In addition to being simpler, this derivation has the advantage of not requiring that the reaction take place in a dilute gas. In a canonical ensemble, the probability, P (E), of the system having an energy E is
where R is the gas constant and T is the temperature. The denominator is a normalizing factor that ensures that the total probability is one. The probability of the system having enough energy to reach the top of the pass is the integral of P (E) from ∆E ‡ to infinity.
This gives
This result assumes the canonical system, where the volume and number are constant.
However, in the reaction it is the pressure and chemical potential that are constant. Hence, it is the Gibbs' free energy, G, rather than the energy, that should be used. We should consider
The mode in the activated complex that takes part in the reaction may be thought of a soft spring. This mode is soft, with a negative spring constant, because the activated complex is unstable. Using equipartition of energy for a soft spring, the 'frequency' of oscillation, ν, of this spring is given by hν = kT , where k is Boltzmann's constant, the gas constant per molecule. Thus, formally the reaction rate constant is the product of ν and
Of course, the reactants, on reaching the pass and forming an activated complex, may not cross the pass and form the products. They may fall back. Hence, it is often convenient to multiply the exponential in Eq. (3) by a factor, κ, that is called the transmission coefficient.
Although there is no general method of calculating κ, Eyring's rate theory has been very illuminating and has been used in a wide variety of chemical and biological applications.
Eyring was awarded the National Medal of Science, the Berzelius Medal, the Wolf Prize, and many other prestigious awards for this work but, alas, not a Nobel Prize.
At Princeton, he started writing his famous book, Quantum Chemistry 9 . This may have been the first book in English that used this title. The writing took a decade. Eyring told me that Kimball and Walter never met. In any case, the book became a standard text and was translated into several languages. It was the book from which I first studied quantum mechanics. Of course, I had encountered quantum mechanics but not as the exclusive subject of a course. Not only is quantum mechanics covered in this book but it is an excellent reference for special functions and group theory.
IV. UTAH
In 1946, with his wife's encouragement, he accepted the position of Dean of the Graduate School at the University of Utah. The University of Utah, a long established institution, planned to inaugurate a doctoral program; Henry found the chance to help build this program an irresistible temptation. In this he was highly successful. The University of Utah has a very prestigious graduate program.
Earlier he had developed an interest in the theory of liquids. This, I assume, resulted from a desire to extend reaction rate theory from gas phase reactions to reactions in condensed phases. At the time it was thought that in contrast to gases and solids, there was no satisfactory theory of the liquid state. It is interesting that this is not true. The van der Waals theory did provide the basis of a satisfactory theory of liquids but this was not understood until recently. In any case, until the 1960's the thinking was, since the density of a liquid is not too different from that of a solid, a theory of the solid state would be a promising starting point. Eyring, and others, developed the cell or lattice theory of liquids.
In reality this is a classical (as opposed to quantum) theory of a solid, due to the higher temperatures of most liquids. Eyring, and probably others, realized that the entropy of the cell theory lacked a factor of Nk. Eyring coined the term, communal entropy, and added the missing entropy arbitrarily. Although arbitrary, this is preferable to ignoring the issue and does give a liquid a different free energy than a solid.
He went one step further and developed the idea that when a molecule evaporated, it left a hole or vacancy in the quasi-lattice of the liquid. Thus, for every molecule in the vapor phase, there would be a vacancy in the liquid that mirrored the gas molecule. If this were literally true the sum of the densities of the liquid and vapor would be a constant, equal to the critical density. This is not quite correct. The average density of the two phases is a linear function of the temperature but is not a constant and decreases somewhat as the temperature increases. Nonetheless, this reasoning provides a simple qualitative explanation of the law of rectilinear diameters.
He 'formalized' his reasoning into the significant structure 'theory' 10,11 at Utah. Using the idea that a liquid is a mixture of molecules and vacancies that mimic the vapor molecules, the partition function, Z, could be written as
where Z s and Z g are the partition functions of the solid and vapor phases, respectively, and V and V s are the volumes of the liquid and solid phases, respectively. Eyring used the Einstein theory and ideal gas theory for Z s and Z g . The Einstein parameter, Θ E , and V s are taken from experiment. The significant structure theory is a description rather than a theory. Conventionally, a theory in statistical mechanics relates the properties of a system to the forces between the molecules whereas Eyring's description relates the properties of the liquid to those of the solid and vapor without obtaining either from the intermolecular forces. This said, Eyring by focussing on the volume on the important variable was on the right track and anticipated later developments, such as perturbation theory of liquids.
One consequence of Eq. (5) is that the heat capacity, C, of monatomic liquid, such as argon becomes, since, for argon, T greatly exceeds Θ E ,
As is seen in Fig. 2 (Fig. 4 of the forthcoming Bulletin article), Eq. (6) gives a reasonably good description of the heat capacity. The heat capacity is a second derivative of the free energy and is difficult to obtain accurately in a theory. The experimental heat capacity becomes infinite at the critical point. Equation (6) does not predict this. Much has been made of this failure. However, it should be kept in mind that no simple theory predicts the singularity of the heat capacity at the critical point. Some are less successful than Eq.
(6). For example, the augmented van der Waals theory (a widely accepted theory) gives the prediction C = 3Nk/2. Later Eyring grafted the renormalization group approach onto Eq.
(5) to obtain the singularity. However, I find this artificial.
I collaborated with him in his study of liquids by applying the significant structure to liquid hydrogen. I also assisted in the writing of the book, Statistical Mechanics and Dynamics by Eyring, myself, Betsy Stover, and Ted Eyring. This book was an outgrowth of the lecture notes prepared by one his first students at Utah, Marilyn Alder. These notes were mimeographed and bound with a yellow cover and was referred to by students as the yellow peril. The book was rather unique in that the first chapter covered the field in an informal way and then the material was repeated more formally in the subsequent chapters.
Needless to say, significant structure theory was included in one of the chapters. This book was moderately successful. With Jost, he and I collaborated on a multi-volume treatise on physical chemistry.
During his final years, he became interested in cancer both because of Mildred's illness and because of the cancer that ultimately took his life. Betsy Stover came to him with the observation that the mortality curves of the experimental animals that had been exposed to radiation that caused them to die of bone cancer were striking similar to a Fermi-Dirac distribution. This suggested to Eyring that this was similar to saturation in adsorption and the rate of mutation that was responsible for the cancer was proportional to the product of the fraction of normal cells multiplied by the fraction of mutated cells. He and Stover wrote several papers under the general title of the Dynamics of Life that were based on this idea.
V. SUMMARY
As I have mentioned Henry had a warm personality. At times, he became annoyed with someone (including me) but he never held a grudge. Also, despite his accomplishments, he never felt he was better than someone else. I found him to be very kind.
He was quite athletic. In his youth he could run very fast. He tells the story of how he outran some students at the University of Arizona who wished to catch him because of the infraction of a foolish rule. He continued running throughout his life and raced his students. 
